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1 .  I NTROMlCT I ON 

This current progress report shows sane tan ta l i z ing  resul ts.  
There appears t o  be a pronounced decrease i n  embryonic develop- 
ment due t o  the gradient magnetic f i e l d  (30.2 vs. 55.4% hatching), 
but the overal l  resu l ts  have enough v a r i a b i l i t y  t o  provide only 
a low level o f  significance. 

Improvements i n  technique had t o  made during the runs. This w i l l  
enable us t o  repeat a series next spring wi th  greater consistency 
and ef f ic iency,  wi th  more runs per month t o  g ive bet ter  s ta t i s t i cs .  

The embryos from these experiments are current ly  being examined 
h is to log ica l l y  and chemically, i n  an attempt t o  determine the nature 
o f  the arrested development. 

1 I .  PROCEDURE 

Work from the beginning o f  the year through the end o f  May has 
consisted mainly of growing as many f e r t i l i z e d  eggs as possible 
i n  the magnetic f i e l d  wi th  corresponding controls. One two hour 
o ld  embryo was placed in  each of  the I 3  compartments o f  both the 
sample and control  holders (see Figure 1 ) .  
t o  develop t o  the hatching stage i n  these compartments (3-4 days) 
while nu t r ien t  medium was c i rcu la t ing  through them (see Figure 2 ) .  
A t  t h i s  rate, it was possible t o  r u n  up t o  two sets of embryos 
per week. Twenty embryos were placed i n  glass f inger bowls In  
addi t ion t o  those i n  each containar. A l l  embryos were examined 
da i l y  i n  order t o  determine a t  what stage the embryos tha t  ceased 
development before hatching d id  so. Records were kept t o  determine 
the percentages of samples, controls, and embryos i n  f inger  bowls 
developing t o  the hatching stage. Non-developing eggs were f ixed 
in  5% formalin for subsequent biochemical study and i n  80uIn's 
F lu id  f o r  h is to log ica l  study. These runs were stopped a t  the end 
o f  May because o f  the seasonal loss of a b i l i t y  of Rana piplens 'to 
be induced t o  ovulate and produce f e r t i l i z e d  eggs. 

The embryos were allowed 

Certain physical problems were encountered. The first were tempera- 
tu re  control problems due t o  large temperature f luctuat ions i n  the 
room i n  which the magnet was f i r s t  located. 
lack o f  space between the top o f  the holders and the upper pole o f  
the magnet which caused the nu t r i en t  t o  touch the magnet and over- 
f low occasionally (see Figure 3 ) .  On March 31, the magnet was re- 
located I n  a "constant temperature" r m  and the former problem was 
al levlated. The nu t r ien t  temperatures i n  the sample and control  
hot ders remained very close (O.i%. 1 and stayed qu i te  cons1 ant as 
a function of  t ime from t h i s  date on (see Table 1 ) .  On Apr i l  3, 
the re te  of the  c i rcu la t ing  pump was increased i n  order t o  insure 
adequate nu t r ien t  flow for the removal o f  wastes and contaminants 
from the embryos. t t  was thought t h a t  t h i s  would br ing the ra te  
of development of the controls up to  tha t  of the embryos i n  the 
f inger b o w l .  From then u n t i l  Apr i l  16th, the water i n  the egg 

The second was a 
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cmpariments was, frm time t~ tlme, wel!Ing up and ?c?uchlng the 
pole o f  the magnet. 
soived by increasing the gap between the egg b i d e r  and the r i i i e t .  
Because o f  the need t o  increase the s ize o f  the gap by about 1/8" 
the f i e l d  i n  the o r ig ina l  gap was f i r s t  rechecked with a Bell gauss- 
meter on A p r l l  19. 

The f i e l d  a t  the mid-level, M, where the embryos are, was 10,000 08; 
a t  the surface A it was 13,500 oe and near the upper surface U It 
was 6000 oersted (see Figure A t ) .  About .12O1I was then removed from 
the upper pole piece as shown i n  Flgure A 2  and it was reinserted. 
The magnetic measurements cn t h l s  conftguration made A p r i l  21, showed 
t h a t  a t  the lower surface A t  the f i e l d  was now 12,600 08 and 1/4" 
above it, 7,400 oersted. 
piece surface, the f i e l d  Is therefore now approximately 10,000 oersted 
and has a gradient of 8,350 oe2/cm, making 

Before the A p r i l  24th run t h i s  problem was 

A t  the mldpoint 1/8" above the lower pole 

fi = 8.35 x I O 6  oe2/cm dx 

not substant ia l ly  d i f f e r e n t  from the o r ig ina l  value as measured by 
the General E l e c t r i c  Company which had a s l i g h t l y  hlgher H but 
lower dH/dx. (See Figure A2.1  

No obvious trouble was encountered from t h i s  tlme on. It should 
be polnted out t h a t  the experimental resu l t s  may or may not have 
been af fected by these conditions; the occurrence o f  various In- 
cidences are shown i n  the comments column (Table 1 ) .  

Some of the hatched embryos frcm both sample and control  groups 
were allowed t o  continue growing and t h e i r  continued development 
as well as t h e i r  swimming (motion) was observed. Movie records 
wera made to analyze l i t c ? r  a b i l i t y  t o  swim i n  de ta i l .  Probably 
because o f  the res t r i c ted  size of the holders, some tadpoles had 
s l i g h t l y  deformed t a i l s ,  but no obvious dif ferences between the 
two groups was found, /.e. between thc magnet and control  group. 

1 1 1 .  RESULTS 

The resu l t s  showed a surprising cessation of  embryological develop- 
ment a t  an ear ly  stage i n  a high percentage o f  the exposed samples. 

The percentage of developing embryos are shown completely i n  Table 1, 
along with the records of the temperatures I n  both containers. 
average of 55.48 of the controls developed through the hatching 
stage whl l e  only 30.2% developed i n  the gradient magnetlc f i e l d  and 
78% developed i n  the f inger bow Is. There were t w o  f inger  bowls. 
One slmply was f i l i e d  with nut r ient  solution, the other had the 
nu t r i en t  solut ion from the magnet sample drop i n t o  lt continuously. 
No differences were observed f o r  these iwo cases and the resu l t s  
of the second are reported i n  column 13 (Table 1 ) .  
cate t h a t  there were factors I n the conta i ner s I t e  or materia I * 
that Inh ib i ted development. In  order t o  see If t he  di f ference 

An 

This may lnd i -  

* I .e. material actual l y  I n  contact wi th  the embryos. 
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IV .  

between the percentages of  developing control  and semple embryos 

formed on the experimental resul ts.  The resul ts  o f  both tes ts  
showed the experimental resul ts  to  be only moderately s isn i f i can t .  
The percentage dif ference i s  approximately equal t o  one standard 
deviation, and the probabi l i ty  of  these resu l ts  a r is ing  by pure 
chance i s  about 20%. 

...e wo3 C stgnf!cant, standard dev!3?iOr! and chi  sqnwe ie++s were per- 

It was found tha t  a l l  the non-developing embryos i n  both the sample 
and the control  contalners stopped t h e i r  development during the 
formation of  the b lastu la  or a t  gast ru la t ion (see Table 2) .  In  
those tha t  appeared to  have stopped during the b lastu la  stage, the 
exact stage was d i f f i c u l t  t o  determine since they appeared white and 
decayed. Others tha t  continued through the formation o f  a blastula, 
but not t o  the hatching stage, had large masses o f  yo lk  material t ha t  
d id  not Invaginate during gastrulat ion. It i s  interest ing to note 
tha t  a l l  non-developing embryos from a par t i cu la r  run, whether sample 
or control, stopped development a t  the same stage. A t  present, 
h is to log ica l  studies are being done t o  determine more d e f i n i t e l y  
the stage and the cause o f  cessation o f  development. 

PRESENT AND FUTURE WORK 

A t  the present time, as was mentioned i n  the previous section, 
h is to log ica l  studies are being carr ied out  on f ixed non-developing 
embryos to  determine the differences between them and the developing 
embryos. The sl ides, when completed, w i l l  be compared to  the  s l ides 
o f  embryos from a l l  stages made l a s t  year. (see Semi-Annual Report, 
May 12, 1966). The method of preparation f o r  embedding, cu t t ing  
and staining i s  essent ia l ly  the same as stated i n  t h a t  repor t  except 
t ha t  Bouin's F lu id  alone i s  being used for f i xa t i on  (as opposed t o  
a 50-50 mixture o f  b u i n ' s  and dioxane l a s t  year) and t h a t t e t r a -  
hydrafuran (rather than dioxane) i s  being used f o r  dehydration. 
This method was found to make the embedded embryos less b r i t t l e .  

The biochemical method o f  analyzing i ron content which was developed 
l a s t  year (see Appendix t o  l e t t e r  t o  Or .  Huertas, September 23, 1966) 
w i l l  a lso be used on these f ixed non-developing eggs t o  determine 
whether or not there i s  any deviat ion from the normal ones tested 
by t h i s  method l a s t  year. Eggs io b e  used for t h i s  purpose have 
been f lxed i n  5% formal i n  as described i n  the f i n a l  report  dated 
January 30, 1967. 

Since the resu l ts  from the 19 runs Thus f a r  have not proved t o  be 
s t a t i s t i c a l l y  s ign i f icant ,  more runs are being planned as soon as 
eggs are available. 



Table 2 

Date of 
F e r t i l i z a t i o n  

I /2 I /67 
I /27/67 
2/03/67* 
3/08/67 
3/ 17/67 
3/2 I /67 
3/3 I /67 
4/03/67 
4/ 07 / 67 
4/ I0/67 
4/ 14/67 
4/ 16/67 
4/24/67 
4/27/67 
5/0 I /67 
5/04/67 
5/09/67 
5/ 12/67 
5/  16/67 
5/ 19/67 
5/22/67 

Approximate Stage of 
Ncn-deve I cp f r?g sarp I es 

b I astu 
blastu 
b lastu 
b I astu 
blastu 

b lastu I a 
blastula 

b lastu la  or sast ru la  
b I astu I a 
blastu I a 

a 
a 
a 
a 
a 

b I astu I a 
b lastu I a 
gastru I a 
gastru I a 
blastula 

gastru I a 
gastru I a 
gastru I a 
gartru I a 
gastru 1 a 

- 

Approxlmate Stage of 
Non-developlnq Controls 

blastu la  
b I astu l a  

b lastu la  or gastrula 
b lastu la  
b las tu  t a 
b I astu l a  
b lastu la  
blastu l a  
b lastu la  
b lastu l a  
btastula 
b lastu l a  
gastru ia  
gastru I a 
b lastu I a 

gastru I a 
gastru I a 
gastru I a 
gastru I a 
gastru l a  

- 

i t  s ta in less steel containers 



Fiqure and Table Captions 

Figure 1 Two-hour embryos being placed i n  compartments of holder 
i n  magnetic f i e l d  

Figure 2 Complete set-up, showing magnet, holders i n  place, cool ing 
apparatus for c i rcu la t ing  medium, and temperature measuring 
and record i ng devices 

Figure 3 Looking through space between top o f  holder and bottom of 
magnet pole. Space had t o  be increased because of nu t r ien t  
wel l ing up i n  container and touching magnet 

Table 1 Data for a l l  19 experiments shows: 

a. percentages of  embryos surviving t o  hatching stage 
i n  sample and control containers and i n  f inger b o w l  

b. temperature records f o r  sample and control  containers 

c. problems encountered I n  each experiment (comments) 

Table 2 Shows stages which non-develooing embryos reached before 
stopping development. Note t h a t  both control  and sample 
non-developers stopped a t  "-2 same stage i n  each experiment 
even though the numbers not developing were d i f f e ren t  


